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Abstract When a Cassegrain telescope system is taken as optical antenna, the error of annular facula position
detection on the photosensitive surface of four-quadrant photoelectric detector in acquisition, pointing and tracking
system for atmospheric laser communication is analyzed. Based on the equivalent effects of the facula center shelter
and dead zone induction light energy, mathematical models of relationships among facula center coordinate, dead
zone width of detector, inner and outer circle radii of annular facula and incident annular facula offset are
theoretically deduced. Numerical simulation and experimental results show that the detection linear range of annular
spot is smaller than that of complete Gauss facula, and the detection sensitivity is lower. The appropriate Cassegrain
optical antenna and facula radius are selected according to the experimental conditions, so that the detection linear
range of detector is the largest when the shading ratio is 30 %, and nonlinear error will not occur. An annular facula
error compensation algorithm is proposed to overcome the position detection error caused by the facula center
shelter, and the detection accuracy of the detector can reach 0.0015 mm.
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Fig. 12 Schematic of facula search process. (a) Path of helical scanning;

(b) output data of scanning process
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Table 1 Compensation process calculation of annular facula error value

Detection value of x

Annular facula Complete Annular
) Actual angle
detection facula slope facula slope F /mm e /mm s /mm
error /prad
value /mm (tan 0) (tan a)
0.052 0.059 0.023 0.082 16.4
0.102 0.116 0.044 0.161 32.1
1.267 0.883
0.121 0.137 0.053 0.190 38.1
0.136 0.154 0.059 0.213 42.6

Xof FIF SR S 0 5000 T A7 26 Mk LA L T 085 31 R T O BE R 58 O BE T 4R X R A AF R 43 F1 A 0.9890 Al
1.1816, 405 2 iR . AR#E(10) ~ (A5 I B IE e BELPE X 3K 0.35 mm N X Gl fn 5 i #MEE e L B 2 #b
PBEFR OB, Q3R 2 rom . S SR ORAM RN 5 05 £ BE (B, B SN Ar] IR R 48 LAJR T G BEAL B, 7RSI B AR PR 4
S Ak AR BB G BE AL T O A B R Y 300 AN SRAE SN AR 15 iR, BTN 32 R A i SF TR IR R 5
M), A A5 M L K/IN G TS A IS 00T oo G I A4 0 Bl A8/ R T v O R IR B R 0.0015 mm,

%2 HWCRENAS AL o

Table 2 Offset compensation value e of annular facula

Offset /mm Detection value /mm e /mm
0.02 0.0023 0.0004
0.04 0.0021 0.0046
0.06 0.0052 0.0024
0.08 0.0040 0.0007
0.10 0.0088 0.0046
0.12 0.0102 0.0050
0.14 0.0121 0.0052
0.16 0.0136 0.0097
0.18 0.0162 0.0093
0.20 0.0181 0.0103
0.22 0.0202 0.0102
0.24 0.0228 0.0094
0.26 0.0233 0.0116
0.28 0.0247 0.0106
0.30 0.0297 0.0092

6 4 e

AT T 23 18] O £ Pl R 3082 R TE QD OLHUAT I BCERIE I BE 7 45 A (1 400 5 4 0 5%
28 LA S A7 5% 2% D00 2 P 3 D/ R SR S0 e AR Rt F 5 R I e o 0 4 0 9 R AU R e O B AR 7T
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